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SPECIFICATION 

CELLULAR SY STEM AND METHOD OF MAKING COMMUNICATION IN_ 
MULTI-CODE CDMA 

FIELD OF THE INVENTION 

The invention relates to a cellular system and a method of making 
communication in multi-code CDMA both of which are capable of effectively using 
channels of a base station or base stations in multi-code CDMA (Code Division 
Multiple Access) communication. 

BACKGROUND OF THE INVENTION 

There have been suggested many mobile communication apparatuses or 
systems operating in CDMA. For instance, Japanese Unexamined Patent 
15 Publication No. 8-274687 has suggested a CDMA wireless communication system, 
Japanese Unexamined Patent Publication No. 9-200115 has suggested a method 
of controlling directivity of an antenna in a radio-station in CDMA wireless 
communication system, Japanese Unexamined Patent Publication No. 10-190626 
has suggested a CDMA receiver, Japanese Unexamined Patent Publication No. 
20 10-308972 has suggested a CDMA cellular system, and Japanese Unexamined 
Patent Publication No. 11-74820 has suggested a CDMA signal receiver. 

When a mobile communication system operating in CDMA transmits 
data at a rate greater than a data transmission rate per one channel (one 
diffusion sign), it generally transmits data in multi-code transmission where it 
25 assigns a plurality of channels, that is, a plurality of diffusion signs to a user, and 
transmits data through a plurality of channels. 

However, a conventional mobile communication system operating in 
multi-code CDMA is accompanied with the following two problems. 

The first problem is that when high-rate communication is to be made 
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in multi-code, if it is not possible to secure channels of a base station for all codes, 
the system cannot provide services to a mobile station. 

The second problem is that when high-rate communication is to be 
made in multi-code, it would be necessary to increase the number of channels in a 
5 base station in order to provide a high connection ratio to a mobile station, 
resulting in that a base station could not be constructed in a small size. 

In order to solve the above-mentioned problems in the conventional 
mobile communication system operating in multi-code CDMA, it is an object of the 
present invention to provide a cellular system operating in multi-code CDMA and 
10 a method of making communication in multi-code CDMA both of which are 
capable of effectively using channels of a base station, when high-rate 
communication is to be made in multi-code CDMA. 

SUMMARY OF THE INVENTION 

15 To accomplish the above-mentioned object, the present invention 

provides a cellular system including at least two base stations, a mobile station 
making communication with the base stations in multi-code CDMA, and an host 
station controlling communication made between the base stations and the mobile 
station, characterized in that when one of the base stations becomes saturated, 

20 the mobile station makes communication in multi-code CDMA through a channel 
of other base station(s). 

In accordance with the above-mentioned cellular system, while a mobile 
station is making communication with a certain base station in multi-code CDMA, 
even if channels of the certain base station are saturated, the mobile station can 

25 continue making communication in multi-code CDMA through channels of 
another base station, for instance, a base station located adjacent to the certain 
base station. 

If channels of a base station with which a mobile station is making 
communication in multi-code CDMA are saturated, it was impossible in the 
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conventional cellular system to continue making communication in multi-code 
CDMA in a mobile station and a base station. In contrast, even in the same case, 
the present invention makes it possible to continue making communication in 
multi-code CDMA between a mobile station and a base station through channels 
5 of other base station(s). 

It is preferable that the mobile station, when channels of a base station 
with which the mobile station makes communication are saturated, stops a part of 
the communication, and makes the thus stopped part of the communication with 
other base station(s). 

10 In the cellular system in accordance with the present invention, if 

channels of a base station are saturated while a mobile station is making multi- 
code CDMA communication with the base station, communication between the 
mobile station and the base station is partially stopped. A part of the stopped 
communication is made through the mobile station and other base station(s). 

15 Thus, the mobile station can continue making communication in multi-code 
CDMA with the base station through channels of other base station(s), for 
instance, a base station located adjacent to the base station. 

If channels of a base station with which a mobile station is making 
communication in multi-code CDMA are saturated, it was impossible in the 

20 conventional cellular system to continue making communication in multi-code 
CDMA in a mobile station and a base station. In contrast, even in the same case, 
the present invention makes it possible to continue making communication in 
multi-code CDMA between a mobile station and a base station through channels 
of other base station(s). 

25 It is preferable that the one of the base station(s) and the other base 

station(s) have an adaptive array antenna. 

Since an adaptive array antenna has high directivity, even if a mobile 
station is located in an area where channels of the above-mentioned other base 
station(s) generally cannot be assigned to a mobile station, it would be possible to 
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assign channels to the mobile station. 

The present invention provides a cellular system including at least two 
base stations, a mobile station making communication with the base stations in 
multi-code CDMA, and an host station controlling communication made between 
5 the base stations and the mobile station, characterized in that one of the base 
stations, on receipt of a request of starting communication in n codes (n is an 
integer equal to or greater than 2) from the mobile station, checks whether 
channels are short, and transmits the result of checking to the host station, the 
host station receives the result from the one of the base stations, and, if channels 

10 for n codes can be secured, instructs the one of the base stations to start making 
communication, whereas if channels for m codes (m is an integer smaller than n 
(m < n)) can be secured, instructs the one of the base stations to start making 
communication in m codes and further instructs other base station(s) to start 
making communication in (n — m) codes, and the mobile station makes 

15 communication with the one of the base stations in m codes, and further makes 
communication with the other base station(s) in (n - m) codes. 

In the cellular system in accordance with the present invention, a base 
station, on receipt of a request to start making communication in n codes, judges 
whether it is possible to secure channels covering n codes. If possible, the base 

20 station makes communication in n codes with a mobile station. If not possible, 
the base station counts the number of codes the base station can secure. For 
instance, if the base station can secure m codes, the mobile station makes 
communication in m codes with the base station, and further makes 
communication in (n — m) codes with other base station(s). That is, the mobile 

25 station makes communication with two base stations in totally n codes. 

In the cellular system in accordance with the present invention, even if 
channels of a base station are saturated while a mobile station is making multi- 
code CDMA communication with the base station, the mobile station can continue 
making communication in multi-code CDMA with the base station through 
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channels of other base station(s), for instance, a base station located adjacent to 
the base station. 

If channels of a base station with which a mobile station is making 
communication in multi-code CDMA are saturated, it was impossible in the 
5 conventional cellular system to continue making communication in multi-code 
CDMA in a mobile station and a base station. In contrast, even in the same case, 
the present invention makes it possible to continue making communication in 
multi-code CDMA between a mobile station and a base station through channels 
of other base station(s). 

10 It is preferable that the one of the base stations stops multi-code 

communication made with a mobile station only in a part of codes, when the one of 
the base stations receives a request of starting communication from another 
mobile station and judges that channels is short for satisfying the request, and 
transmits a request to the host station to make communication with other base 

15 station(s) in codes equal to the stopped codes, the host station, on receipt of the 
request to make communication with other base station(s), instructs a base 
station other than the one of the base stations to start making communication 
with the one of the base stations in codes equal to the stopped codes, and the 
mobile station stops communication made with the one of the base stations in the 

20 part of codes, and starts making communication with the base station other than 
the one of the base stations in codes equal to the stopped codes. 

In the cellular system in accordance with the present invention, if 
channels of a base station are saturated while a mobile station is making multi- 
code CDMA communication with the base station, communication between the 

25 mobile station and the base station is partially stopped. A part of the stopped 
communication is made through the mobile station and other base station(s). 
Thus, the mobile station can continue making communication in multi-code 
CDMA with the base station through channels of other base station(s), for 
instance, a base station located adjacent to the base station. 
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If channels of a base station with which a mobile station is making 
communication in multi-code CDMA are saturated, it was impossible in the 
conventional cellular system to continue making communication in multi-code 
CDMA in a mobile station and a base station. In contrast, even in the same case, 
5 the present invention makes it possible to continue making communication in 
multi-code CDMA between a mobile station and a base station through channels 
of other base station(s). 

It is preferable that the one of the base stations and the other base 
station(s) have an adaptive array antenna. 
10 Since an adaptive array antenna has high directivity, even if a mobile 

station is located in an area where channels of the above-mentioned other base 
station(s) generally cannot be assigned to a mobile station, it would be possible to 
assign channels to the mobile station. 

The present invention further provides a method of making 
15 communication in multi-code CDMA where a mobile station makes 
communication with base stations in multi-code CDMA and an host station 
controls communication made between the base stations and the mobile station, 
characterized by the step of, the mobile station, when one of the base stations 
becomes saturated, making communication in multi-code CDMA through a 
20 channel of other base station(s). 

The method provides the same advantages as those provided by the 
cellular system defined in claim 1. 

It is preferable that the mobile station, when channels of a base station 
with which the mobile station makes communication are saturated, stops a part of 
25 the communication, and makes the thus stopped part of the communication with 
other base station(s). 

The method provides the same advantages as those provided by the 
cellular system defined in claim 2. 

It is preferable that the one of the base station(s) and the other base 
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station(s) make communication with the mobile station in multi-code CDMA 
through an adaptive array antenna. 

The present invention further provides a method of making 
communication in multi-code CDMA where a mobile station makes 
5 communication with base stations in multi-code CDMA and an host station 
controls communication made between the base stations and the mobile station, 
characterized by the steps of one of the base stations, on receipt of a request of 
starting communication in n codes (n is an integer equal to or greater than 2) from 
the mobile station, checking whether channels are short, and transmitting the 

10 result of checking to the host station, the host station receiving the result from the 
one of the base stations, and, if channels for n codes can be secured, instructing 
the one of the base stations to start making communication, whereas if channels 
for m codes (m is an integer smaller than n (m<n)) can be secured, instructing the 
one of the base stations to start making communication in m codes and further 

15 instructing other base station(s) to start making communication in (n - m) codes, 
and the mobile station making communication with the one of the base stations in 
m codes, and further making communication with the other base station(s) in (n - 
m) codes. 

The method provides the same advantages as those provided by the 

20 cellular system defined in claim 4. 

It is preferable that the method further includes the steps of the one of 
the base stations stopping multi-code communication made with a mobile station 
only in a part of codes, when the one of the base stations receives a request of 
starting communication from another mobile station and judges that channels is 

25 short for satisfying the request, and transmitting a request to the host station to 
make communication with other base station(s) in codes equal to the stopped 
codes, the host station, on receipt of the request to make communication with 
other base station(s), instructing a base station other than the one of the base 
stations to start making communication with the one of the base stations in codes 
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equal to the stopped codes, and the mobile station stopping communication made 
with the one of the base stations in the part of codes, and starting making 
communication with the base station other than the one of the base stations in 
codes equal to the stopped codes. 
5 The method provides the same advantages as those provided by the 

cellular system defined in claim 5. 

It is preferable that the one of the base station(s) and the other base 
station(s) make communication with the mobile station in multi-code CDMA 
through an adaptive array antenna. 

10 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a block diagram of the cellular system operating in multi-code 
CDMA, in accordance with a preferred embodiment of the present invention. 

FIG. 2 is a flow chart showing the steps to be carried out by the cellular 
15 system illustrated in FIG. 1. 

FIG. 3 illustrates the cellular system operating in multi-code CDMA, in 
accordance with another embodiment of the present invention. 

DESCRIPTION OF THE PREFERRED EMBODIMENTS 

20 Preferred embodiments in accordance with the present invention will 

be explained hereinbelow with reference to drawings. 

FIG. 1 is a block diagram of the cellular system operating in multi-code 
CDMA, in accordance with a preferred embodiment of the present invention. 

The cellular system in accordance with the embodiment is comprised of 
25 a first base station 2a, a second base station 2b, a mobile station 3 making multi- 
code CDMA communication with the first and second base stations 2a and 2b, and 
an host station 1 controlling communication made between the first and second 
base stations 2a, 2b, and the mobile station 3. 

Though FIG. 1 illustrates two base stations and one mobile station for 
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the purpose of simplification of explanation, the cellular system in accordance 
with the embodiment may be designed to include three or more base stations and 
two or more mobile stations. 

The host station 1 is comprised of signal multiplexers 13a and 13b each 
5 of which multiplexes a voice signal (high-rate data signal) and a control signal to 
each other, and transmits the thus formed multiplexed signal to the first and 
second base stations 2a and 2b, respectively, signal demultiplexers 14a and 14b 
each of which demultiplexes a voice signal (high-rate data signal) and a control 
signal both transmitted from the first and second base stations 2a and 2b, from 
10 each other, a voice signal decoder 11 which is electrically connected to the signal 
demultiplexers 14a and 14b, and decodes a voice signal transmitted from the 
signal demultiplexers 14a and 14b, and a channel administrator 12 which is 
electrically connected to the voice signal decoder 11, the signal multiplexers 13a 
and 13b and the signal demultiplexers 14a and 14b, and assigns a channel to the 
15 first and second base stations 2a and 2b in accordance with a channel signal 
transmitted from the signal demultiplexers 14a and 14b. 

The first base station 2a is comprised of a plurality of channel 
controllers 20a- 1 to 20a-n (only the channel controller 20a- 1 is illustrated in FIG. 
1), a transmitter 27a which modulates signals to be transmitted from the channel 
20 controllers 20a- 1 to 20a-n, a receiver 28a which demodulates signals having been 
transmitted from the mobile station 3, and an antenna 29a. 

Each of the channel controllers 20a- 1 to 20a-n is comprised of a signal 
demultiplexer 21a which demultiplexes a signal transmitted from the host station 
1, into a voice signal (high-rate data signal) and a control signal, a descending 
25 diffusion code producer 23a which produces a descending diffusion code in 
accordance with the control signal transmitted from the signal demultiplexer 21a, 
an ascending diffusion code producer 24a which produces an ascending diffusion 
code in accordance with the control signal transmitted from the signal 
demultiplexer 21a, a diffuser 25a which diffuses and modulates the voice signal 
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transmitted from the signal demultiplexer 21a, based on the descending diffusion 
code transmitted from the descending diffusion code producer 23a, a reverse- 
diffuser 26a which reverse -diffuses and modulates a signal transmitted from the 
receiver 28a, based on the ascending diffusion code transmitted from the 
5 ascending diffusion code producer 24a, and a signal multiplexer 22a which 
multiplexes a voice signal (high-rate data signal) and a control signal to each 
other, and transmits the thus multiplexed signal to the host station 1. 

The second base station 2b has the same structure as the structure of 
the first base station 2a. 

10 The mobile station 3 has a conventional structure, and is designed to be 

able to make multi-code CDMA communication with the first and second base 
stations 2a and 2b. 

For instance, when the mobile station 3 requests the first base station 
2a to make high-rate communication in n (n is an integer equal to or greater than 

15 2) diffusion codes in an area covered by the first base station 2a, communication 
in n diffusion codes is generally made between the first base station 2a and the 
mobile station 3. 

Herein, it is assumed that it is impossible to secure channels for n 
diffusion codes, for instance, like a case where a lot of users have already made 
20 communication through the first base station 2a. In such a case, multi-code 
CDMA communication is made between the mobile station and the base station as 
follows in the cellular system in accordance with the embodiment. 

Hereinbelow, explanation is made with reference to the flow chart 
illustrated in FIG. 2. 

25 When the mobile station 3 makes a request to make high-rate 

communication in n diffusion codes in an area covered by the first base station 2a, 
in step ST1, the host station 1 asks the first base station 2a whether channels for 
n diffusion codes can be secured, in step ST2. 

If channels for n diffusion codes can be secured (NO in step ST2), the 

10 



1. Cii O 3: «■!!■■ ,., 0^.1.0 lie 



host station 1 instructs the first base station 2a to start making communication in 
n diffusion codes, in step ST10. On receipt of the instruction, the first base 
station 2a transmits a communication start signal to the mobile station 3, in step 
ST11, and thus, communication starts between the first base station 2a and the 
5 mobile station 3, in step ST12. 

If channels for n diffusion codes cannot be secured (YES in step ST2), 
for instance, if channels only for m (m<n) diffusion codes can be secured, the host 
station 1 asks the second base station 2b whether channels for (n-m) codes, which 
could not be secured by the first base station 2a, can be secured, in step ST3. 
10 If the second base station 2b cannot secure channels for (n-m) codes 

(YES in step ST3), the second base station 2b transmits a rejection signal to the 
mobile station 3, in step ST4. 

In contrast, if the second base station 2b can secure channels for (n-m) 
codes (NO in step ST3), which could not be secured by the first base station 2a, the 
15 host station 1 instructs the first base station 2a to start making communication in 
m diffusion codes, in step ST5. 

In addition, the host station 1 instructs the second base station 2b to 
start making communication in (n-m) diffusion codes, in step ST6. 

On receipt of these instructions, the first base station 2a transmits a 
20 communication start signal to the mobile station 3, in step ST7, and the second 
base station 2b transmits a communication start signal to the mobile station 3, in 
step ST8. Then, communication starts between the mobile station and the first 
and second base stations 2a and 2b in assigned codes, respectively, in step ST9. 

In accordance with the above-mentioned cellular system, even if the 
25 first base station 2a could not secure channels for n diffusion codes, 
communication can be made between the mobile station 3 and the first and second 
base stations 2a and 2b through channels for n codes, by using vacant channels of 
the second base station 2b. 

In addition, it is possible to effectively use channels of base stations 
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constituting the cellular system. 

In the above-mentioned embodiment, it was assumed that the first base 
station 2a could not secure channels for n diffusion codes at the beginning of 
communication. However, though the first base station 2a could once secure 
5 channels for n codes, the first base station 2a becomes short of channels during 
communication. Even in such a case, as mentioned below, it is possible for the 
mobile station 3 to make communication with the first and second base stations 
2a and 2b through channels for n diffusion codes, by using vacant channels of the 
second base station 2b. 
10 Herein, for instance, it is assumed that while the first base station 2a is 

making multi-code CDMA communication with the mobile station 3, the first base 
station 2a receives a request to make communication, from another mobile station, 
resulting in shortage in channels. 

The first base station 2a stops multi-code CDMA communication in 
15 some codes, and requests the host station 1 to change a base station in order to 
make communication with the second base station 2b in codes corresponding to 
the stopped codes. 

On receipt of the request from the first base station 2a, the host station 
1 instructs the second base station 2b located adjacent to the first base station 2b, 
20 to start making communication in codes corresponding to the stopped codes. As a 
result, the mobile station 3 stops making multi-code CDMA communication with 
the first base station 2a in some codes, and starts making communication with the 
second base station 2b in codes corresponding to the stopped codes. 

As mentioned above, if the number of mobile stations with which the 
25 first base station 2a makes communication is increased, and resultingly, channels 
of the first base station 2a are saturated, the mobile station 3 making multi-code 
CDMA communication with the first base station 2a stops making communication 
in some codes with the first base station 2a, and starts making communication 
with the second base station in codes corresponding to the stopped codes. 
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Thus, even if the base station 2a could not secure channel for n codes 
during communication with the mobile station 3, it would be possible for the 
mobile station 3 to make communication with the first and second base stations 
2a and 2b through channels for totally n codes, by using vacant channels of the 
second base station 2b. 

In addition, it is possible to effectively use channels of base stations 
constituting the cellular system. 

FIG. 3 illustrates the cellular system in accordance with another 
embodiment. 

In comparison with the cellular system illustrated in FIG. 1, the 
cellular system in accordance with the present embodiment is different only in the 
antenna 29a of the first base station 2a and the antenna 29b of the second base 
station 2b, and is identical in structure to the cellular system illustrated in FIG. 1 
except the antennas. 

Specifically, each of the first and second base stations 2a and 2b in the 
present embodiment is designed to include an adaptive array antenna 30a and 
30b as the antenna 29a and 29b, respectively. 

Since the adaptive array antennas 30a and 30b have high directivity, it 
would be possible for the mobile station 3 located in an area covered by the first 
base station 2a to be less interfered with by the second base station 2b. Hence, 
even if the mobile station 3 is located in an area to which the second base station 
2b cannot assign a channel, as illustrated in FIG. 3, it would be possible to assign 
a channel to the mobile station 3 through the adaptive antenna 30b. 

INDUSTRIAL APPLICABILITY 

As having been explained so far, the cellular system and the method of 
making communication both in accordance with the present invention provide the 
following advantages. 

The first advantage is that even if channels of a certain base station are 
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saturated, it would be possible to make communication with the base station 
through channels of other base station(s). Accordingly, it would be possible to 
enhance an efficiency at which channels of a base station(s) are used, in multi- 
code CDMA communication. 

The second advantage is that the number and/or volume of units for 
controlling channels of a base station can be reduced in dependence on channels of 
adjacent base stations. Hence, it would be possible to construct a base station in 
a smaller size in multi-code CDMA communication. Accordingly, the present 
invention can be applied to a cellular system such as a cellular system using pico- 
cells. 



14 



;AJ;hj3,:L:^«W m o 5 ,:;?! ..O O E: 
10/031344 

531Rec'dPGT/PTC 18 JAN 2002 

CELLULAR SYSTEM 
AND 

METHOD OF MAKING COMMUNICATION IN MULTI-CODE CDMA 

5 BACKGROUND OF THE INVENTION 
FIELD OF THE INVENTION 

The invention relates to a cellular system and a method of making 
communication in multi-code CDMA both of which are capable of effectively using 
channels of a base station or base stations in multi-code CDMA (Code Division 
10 Multiple Access) communication. 

DESCRIPTION OF THE RELATED ART 

There have been suggested many mobile communication apparatuses or 
systems operating in CDMA. For instance, Japanese Unexamined Patent 
15 Publication No. 8-274687 has suggested a CDMA wireless communication system, 
Japanese Unexamined Patent Publication No. 9-200115 has suggested a method 
of controlling directivity of an antenna in a radio-station in CDMA wireless 
communication system, Japanese Unexamined Patent Publication No. 10-190626 
has suggested a CDMA receiver, Japanese Unexamined Patent Publication No. 
20 10-308972 has suggested a CDMA cellular system, and Japanese Unexamined 
Patent Publication No. 11-74820 has suggested a CDMA signal receiver. 

When a mobile communication system operating in CDMA transmits 
data at a rate greater than a data transmission rate per one channel (one 
diffusion sign), it generally transmits data in multi-code transmission where it 
25 assigns a plurality of channels, that is, a plurality of diffusion signs to a user, and 
transmits data through a plurality of channels. 

However, a conventional mobile communication system operating in 
multi-code CDMA is accompanied with the following two problems. 

The first problem is that when high-rate communication is to be made 
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in multi-code, if it is not possible to secure channels of a base station for all codes, 
the system cannot provide services to a mobile station. 

The second problem is that when high-rate communication is to be 
made in multi-code, it would be necessary to increase the number of channels in a 
5 base station in order to provide a high connection ratio to a mobile station, 
resulting in that a base station could not be constructed in a small size. 

SUMMARY OF THE INVENTION 

In order to solve the above-mentioned problems in the conventional 

10 mobile communication system operating in multi-code CDMA, it is an object of the 
present invention to provide a cellular system operating in multi-code CDMA and 
a method of making communication in multi-code CDMA both of which are 
capable of effectively using channels of a base station, when high-rate 
communication is to be made in multi-code CDMA. 

15 In one aspect of the present invention, there is provided a cellular 

system including at least two base stations, a mobile station making 
communication with the base stations in multi-code CDMA, and an host station 
controlling communication made between the base stations and the mobile station, 
wherein the mobile station, when channels of a base station with which the 

20 mobile station makes multi-code CDMA communication are saturated, stops a 
part of the communication, and makes the thus stopped part of the 
communication with other base station(s). 

In the cellular system in accordance with the present invention, if 
channels of a base station are saturated while a mobile station is making multi- 

25 code CDMA communication with the base station, communication between the 
mobile station and the base station is partially stopped. A part of the stopped 
communication is made through the mobile station and other base station(s). 
Thus, the mobile station can continue making communication in multi-code 
CDMA with the base station through channels of other base station(s), for 
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instance, a base station located adjacent to the base station. 

If channels of a base station with which a mobile station is making 
communication in multi-code CDMA are saturated, it was impossible in the 
conventional cellular system to continue making communication in multi-code 
5 CDMA in a mobile station and a base station. In contrast, even in the same case, 
the present invention makes it possible to continue making communication in 
multi-code CDMA between a mobile station and a base station through channels 
of other base station(s). 

It is preferable that the one of the base station(s) and the other base 

10 station(s) have an adaptive array antenna. 

Since an adaptive array antenna has high directivity, even if a mobile 
station is located in an area where channels of the above-mentioned other base 
station(s) generally cannot be assigned to a mobile station, it would be possible to 
assign channels to the mobile station. 

15 There is further provided a cellular system including at least two base 

stations, a mobile station making communication with the base stations in multi- 
code CDMA, and an host station controlling communication made between the 
base stations and the mobile station, wherein one of the base stations, on receipt 
of a request of starting communication in n codes (n is an integer equal to or 

20 greater than 2) from the mobile station, checks whether channels are short, and 
transmits the result of checking to the host station, the host station receives the 
result from the one of the base stations, and, if channels for n codes can be secured, 
instructs the one of the base stations to start making communication, whereas if 
channels for m codes (m is an integer smaller than n (m<n)) can be secured, 

25 instructs the one of the base stations to start making communication in m codes 
and further instructs other base station(s) to start making communication in (n — 
m) codes, and the mobile station makes communication with the one of the base 
stations in m codes, and further makes communication with the other base 
station(s) in (n — m) codes. 
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In the cellular system in accordance with the present invention, a base 
station, on receipt of a request to start making communication in n codes, judges 
whether it is possible to secure channels covering n codes. If possible, the base 
station makes communication in n codes with a mobile station. If not possible, 
5 the base station counts the number of codes the base station can secure. For 
instance, if the base station can secure m codes, the mobile station makes 
communication in m codes with the base station, and further makes 
communication in (n — m) codes with other base station(s). That is, the mobile 
station makes communication with two base stations in totally n codes. 

10 In the cellular system in accordance with the present invention, even if 

channels of a base station are saturated while a mobile station is making multi- 
code CDMA communication with the base station, the mobile station can continue 
making communication in multi-code CDMA with the base station through 
channels of other base station(s), for instance, a base station located adjacent to 

15 the base station. 

If channels of a base station with which a mobile station is making 
communication in multi-code CDMA are saturated, it was impossible in the 
conventional cellular system to continue making communication in multi-code 
CDMA in a mobile station and a base station. In contrast, even in the same case, 

20 the present invention makes it possible to continue making communication in 
multi-code CDMA between a mobile station and a base station through channels 
of other base station(s). 

It is preferable that the one of the base stations stops multi-code 
communication made with a mobile station only in a part of codes, when the one of 

25 the base stations receives a request of starting communication from another 
mobile station and judges that channels is short for satisfying the request, and 
transmits a request to the host station to make communication with other base 
station(s) in codes equal to the stopped codes, the host station, on receipt of the 
request to make communication with other base station(s), instructs a base 
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station other than the one of the base stations to start making communication 
with the one of the base stations in codes equal to the stopped codes, and the 
mobile station stops communication made with the one of the base stations in the 
part of codes, and starts making communication with the base station other than 
5 the one of the base stations in codes equal to the stopped codes. 

In the cellular system in accordance with the present invention, if 
channels of a base station are saturated while a mobile station is making multi- 
code CDMA communication with the base station, communication between the 
mobile station and the base station is partially stopped. A part of the stopped 
10 communication is made through the mobile station and other base station(s). 
Thus, the mobile station can continue making communication in multi-code 
CDMA with the base station through channels of other base station(s), for 
instance, a base station located adjacent to the base station. 

If channels of a base station with which a mobile station is making 
15 communication in multi-code CDMA are saturated, it was impossible in the 
conventional cellular system to continue making communication in multi-code 
CDMA in a mobile station and a base station. In contrast, even in the same case, 
the present invention makes it possible to continue making communication in 
multi-code CDMA between a mobile station and a base station through channels 
20 of other base station(s). 

It is preferable that the one of the base stations and the other base 
station(s) have an adaptive array antenna. 

Since an adaptive array antenna has high directivity, even if a mobile 
station is located in an area where channels of the above-mentioned other base 
25 station(s) generally cannot be assigned to a mobile station, it would be possible to 
assign channels to the mobile station. 

In another aspect of the present invention, there is provided a method 
of making communication in multi-code CDMA where a mobile station makes 
communication with base stations in multi-code CDMA and an host station 
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controls communication made between the base stations and the mobile station, 

the method comprising the steps of stopping a part of multi-code CDMA 
communication when channels of a base station with which the mobile station 
makes the multi-code CDMA communication are saturated, and making the thus 
5 stopped part of the multi-code CDMA communication through a channel of other 
base station(s). 

It is preferable that the one of the base station(s) and the other base 
station(s) make communication with the mobile station in multi-code CDMA 
through an adaptive array antenna. 

10 There is further provided a method of making communication in multi- 

code CDMA where a mobile station makes communication with base stations in 
multi-code CDMA and an host station controls communication made between the 
base stations and the mobile station, characterized by the steps of one of the base 
stations, on receipt of a request of starting communication in n codes (n is an 

15 integer equal to or greater than 2) from the mobile station, checking whether 
channels are short, and transmitting the result of checking to the host station, the 
host station receiving the result from the one of the base stations, and, if channels 
for n codes can be secured, instructing the one of the base stations to start making 
communication, whereas if channels for m codes (m is an integer smaller than n 

20 (m<n)) can be secured, instructing the one of the base stations to start making 
communication in m codes and further instructing other base station(s) to start 
making communication in (n — m) codes, and the mobile station making 
communication with the one of the base stations in m codes, and further making 
communication with the other base station(s) in (n - m) codes. 

25 It is preferable that the method further includes the steps of the one of 

the base stations stopping multi-code communication made with a mobile station 
only in a part of codes, when the one of the base stations receives a request of 
starting communication from another mobile station and judges that channels is 
short for satisfying the request, and transmitting a request to the host station to 
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make communication with other base station(s) in codes equal to the stopped 
codes, the host station, on receipt of the request to make communication with 
other base station(s), instructing a base station other than the one of the base 
stations to start making communication with the one of the base stations in codes 
5 equal to the stopped codes, and the mobile station stopping communication made 
with the one of the base stations in the part of codes, and starting making 
communication with the base station other than the one of the base stations in 
codes equal to the stopped codes. 

It is preferable that the one of the base station(s) and the other base 
10 station(s) make communication with the mobile station in multi-code CDMA 
through an adaptive array antenna. 

The advantages obtained by the aforementioned present invention will 
be described hereinbelow. 

As having been explained so far, the cellular system and the method of 
15 making communication both in accordance with the present invention provide the 
following advantages. 

The first advantage is that even if channels of a certain base station are 
saturated, it would be possible to make communication with the base station 
through channels of other base station(s). Accordingly, it would be possible to 
20 enhance an efficiency at which channels of a base station(s) are used, in multi- 
code CDMA communication. 

The second advantage is that the number and/or volume of units for 
controlling channels of a base station can be reduced in dependence on channels of 
adjacent base stations. Hence, it would be possible to construct a base station in 
25 a smaller size in multi-code CDMA communication. Accordingly, the present 
invention can be applied to a cellular system such as a cellular system using pico- 
cells. 

The above and other objects and advantageous features of the present 
invention will be made apparent from the following description made with 
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reference to the accompanying drawings, in which like reference characters 
designate the same or similar parts throughout the drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 
5 FIG. 1 is a block diagram of the cellular system operating in multi-code 

CDMA, in accordance with a preferred embodiment of the present invention. 

FIG. 2 is a flow chart showing the steps to be carried out by the cellular 
system illustrated in FIG. 1. 

FIG. 3 illustrates the cellular system operating in multi-code CDMA, in 
10 accordance with another embodiment of the present invention. 

DESCRIPTION OF THE PREFERRED EMBODIMENTS 

Preferred embodiments in accordance with the present invention will 
be explained hereinbelow with reference to drawings. 
15 FIG. 1 is a block diagram of the cellular system operating in multi-code 

CDMA, in accordance with a preferred embodiment of the present invention. 

The cellular system in accordance with the embodiment is comprised of 
a first base station 2a, a second base station 2b, a mobile station 3 making multi- 
code CDMA communication with the first and second base stations 2a and 2b, and 
20 an host station 1 controlling communication made between the first and second 
base stations 2a, 2b, and the mobile station 3. 

Though FIG. 1 illustrates two base stations and one mobile station for 
the purpose of simplification of explanation, the cellular system in accordance 
with the embodiment may be designed to include three or more base stations and 
25 two or more mobile stations. 

The host station 1 is comprised of signal multiplexers 13a and 13b each 
of which multiplexes a voice signal (high-rate data signal) and a control signal to 
each other, and transmits the thus formed multiplexed signal to the first and 
second base stations 2a and 2b, respectively, signal demultiplexers 14a and 14b 
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each of which demultiplexes a voice signal (high-rate data signal) and a control 
signal both transmitted from the first and second base stations 2a and 2b, from 
each other, a voice signal decoder 11 which is electrically connected to the signal 
demultiplexers 14a and 14b, and decodes a voice signal transmitted from the 
5 signal demultiplexers 14a and 14b, and a channel administrator 12 which is 
electrically connected to the voice signal decoder 11, the signal multiplexers 13a 
and 13b and the signal demultiplexers 14a and 14b, and assigns a channel to the 
first and second base stations 2a and 2b in accordance with a channel signal 
transmitted from the signal demultiplexers 14a and 14b. 

10 The first base station 2a is comprised of a plurality of channel 

controllers 20a- 1 to 20a-n (only the channel controller 20a- 1 is illustrated in FIG. 
1), a transmitter 27a which modulates signals to be transmitted from the channel 
controllers 20a- 1 to 20a-n, a receiver 28a which demodulates signals having been 
transmitted from the mobile station 3, and an antenna 29a. 

15 Each of the channel controllers 20a- 1 to 20a-n is comprised of a signal 

demultiplexer 21a which demultiplexes a signal transmitted from the host station 
1, into a voice signal (high-rate data signal) and a control signal, a descending 
diffusion code producer 23a which produces a descending diffusion code in 
accordance with the control signal transmitted from the signal demultiplexer 21a, 

20 an ascending diffusion code producer 24a which produces an ascending diffusion 
code in accordance with the control signal transmitted from the signal 
demultiplexer 21a, a diffuser 25a which diffuses and modulates the voice signal 
transmitted from the signal demultiplexer 21a, based on the descending diffusion 
code transmitted from the descending diffusion code producer 23a, a reverse- 

25 diffuser 26a which reverse-diffuses and modulates a signal transmitted from the 
receiver 28a, based on the ascending diffusion code transmitted from the 
ascending diffusion code producer 24a, and a signal multiplexer 22a which 
multiplexes a voice signal (high-rate data signal) and a control signal to each 
other, and transmits the thus multiplexed signal to the host station 1. 
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The second base station 2b has the same structure as the structure of 
the first base station 2a. 

The mobile station 3 has a conventional structure, and is designed to be 
able to make multi-code CDMA communication with the first and second base 
5 stations 2 a and 2b. 

For instance, when the mobile station 3 requests the first base station 
2a to make high-rate communication in n (n is an integer equal to or greater than 
2) diffusion codes in an area covered by the first base station 2a, communication 
in n diffusion codes is generally made between the first base station 2a and the 
10 mobile station 3. 

Herein, it is assumed that it is impossible to secure channels for n 
diffusion codes, for instance, like a case where a lot of users have already made 
communication through the first base station 2a. In such a case, multi-code 
CDMA communication is made between the mobile station and the base station as 
15 follows in the cellular system in accordance with the embodiment. 

Hereinbelow, explanation is made with reference to the flow chart 
illustrated in FIG. 2. 

When the mobile station 3 makes a request to make high-rate 
communication in n diffusion codes in an area covered by the first base station 2a, 
20 in step ST1, the host station 1 asks the first base station 2a whether channels for 
n diffusion codes can be secured, in step ST2. 

If channels for n diffusion codes can be secured (NO in step ST2), the 
host station 1 instructs the first base station 2a to start making communication in 
n diffusion codes, in step ST10. On receipt of the instruction, the first base 
25 station 2a transmits a communication start signal to the mobile station 3, in step 
ST11, and thus, communication starts between the first base station 2a and the 
mobile station 3, in step ST12. 

If channels for n diffusion codes cannot be secured (YES in step ST2), 
for instance, if channels only for m (m<n) diffusion codes can be secured, the host 
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station 1 asks the second base station 2b whether channels for (n-m) codes, which 
could not be secured by the first base station 2a, can be secured, in step ST3. 

If the second base station 2b cannot secure channels for (n-m) codes 
(YES in step ST3), the second base station 2b transmits a rejection signal to the 
mobile station 3, in step ST4. 

In contrast, if the second base station 2b can secure channels for (n-m) 
codes (NO in step ST3), which could not be secured by the first base station 2a, the 
host station 1 instructs the first base station 2a to start making communication in 
m diffusion codes, in step ST5. 

In addition, the host station 1 instructs the second base station 2b to 
start making communication in (n-m) diffusion codes, in step ST6. 

On receipt of these instructions, the first base station 2a transmits a 
communication start signal to the mobile station 3, in step ST7, and the second 
base station 2b transmits a communication start signal to the mobile station 3, in 
step ST8. Then, communication starts between the mobile station and the first 
and second base stations 2a and 2b in assigned codes, respectively, in step ST9. 

In accordance with the above-mentioned cellular system, even if the 
first base station 2a could not secure channels for n diffusion codes, 
communication can be made between the mobile station 3 and the first and second 
base stations 2a and 2b through channels for n codes, by using vacant channels of 
the second base station 2b. 

In addition, it is possible to effectively use channels of base stations 
constituting the cellular system. 

In the above-mentioned embodiment, it was assumed that the first base 
station 2a could not secure channels for n diffusion codes at the beginning of 
communication. However, though the first base station 2a could once secure 
channels for n codes, the first base station 2a becomes short of channels during 
communication. Even in such a case, as mentioned below, it is possible for the 
mobile station 3 to make communication with the first and second base stations 
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2a and 2b through channels for n diffusion codes, by using vacant channels of the 
second base station 2b. 

Herein, for instance, it is assumed that while the first base station 2a is 
making multi-code CDMA communication with the mobile station 3, the first base 
5 station 2a receives a request to make communication, from another mobile station, 
resulting in shortage in channels. 

The first base station 2a stops multi-code CDMA communication in 
some codes, and requests the host station 1 to change a base station in order to 
make communication with the second base station 2b in codes corresponding to 
10 the stopped codes. 

On receipt of the request from the first base station 2a, the host station 
1 instructs the second base station 2b located adjacent to the first base station 2b, 
to start making communication in codes corresponding to the stopped codes. As a 
result, the mobile station 3 stops making multi-code CDMA communication with 
15 the first base station 2a in some codes, and starts making communication with the 
second base station 2b in codes corresponding to the stopped codes. 

As mentioned above, if the number of mobile stations with which the 
first base station 2a makes communication is increased, and resultingly, channels 
of the first base station 2a are saturated, the mobile station 3 making multi-code 
20 CDMA communication with the first base station 2a stops making communication 
in some codes with the first base station 2a, and starts making communication 
with the second base station in codes corresponding to the stopped codes. 

Thus, even if the base station 2a could not secure channel for n codes 
during communication with the mobile station 3, it would be possible for the 
25 mobile station 3 to make communication with the first and second base stations 
2a and 2b through channels for totally n codes, by using vacant channels of the 
second base station 2b. 

In addition, it is possible to effectively use channels of base stations 
constituting the cellular system. 
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FIG. 3 illustrates the cellular system in accordance with another 
embodiment. 

In comparison with the cellular system illustrated in FIG. 1, the 
cellular system in accordance with the present embodiment is different only in the 
5 antenna 29a of the first base station 2a and the antenna 29b of the second base 
station 2b, and is identical in structure to the cellular system illustrated in FIG. 1 
except the antennas. 

Specifically, each of the first and second base stations 2a and 2b in the 
present embodiment is designed to include an adaptive array antenna 30a and 
10 30b as the antenna 29a and 29b, respectively. 

Since the adaptive array antennas 30a and 30b have high directivity, it 
would be possible for the mobile station 3 located in an area covered by the first 
base station 2a to be less interfered with by the second base station 2b. Hence, 
even if the mobile station 3 is located in an area to which the second base station 
15 2b cannot assign a channel, as illustrated in FIG. 3, it would be possible to assign 
a channel to the mobile station 3 through the adaptive antenna 30b. 

While the present invention has been described in connection with 
certain preferred embodiments, it is to be understood that the subject matter 
encompassed by way of the present invention is not to be limited to those specific 
20 embodiments. On the contrary, it is intended for the subject matter of the 
invention to include all alternatives, modifications and equivalents as can be 
included within the spirit and scope of the following claims. 
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5 Please amend claims as follows. 

1. Claim 1 at page 12 is canceled. 

2. Claim 2 at page 12 is rewritten into an independent form as a result of 
cancellation of claim 1. 

3. Claim 3 at page 12 is canceled. 
10 4. Claim 7 at page 13 is canceled. 

5. Claim 8 at page 13 is rewritten into an independent form as a result of 
cancellation of claim 7. 

6. Claim 9 at pages 12-13 is canceled. 

15 

Claims a fter Amended 

1. Canceled. 

20 

2. (Amended) A cellular system including: 
at least two base stations; 

a mobile station making communication with said base stations in multi- 
code CDMA; and 

25 an host station controlling communication made between said base stations 

and said mobile station, 

characterized in that when one of said base stations becomes saturated, said 
mobile station makes communication in multi-code CDMA through a channel of 
other base station(s), and 
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said mobile station, when channels of a base station with which said mobile 
station makes communication are saturated, stops a part of said communication, 
and makes the thus stopped part of said communication with other base 
station(s). 

5 

3. Canceled. 

4. A cellular system including: 
at least two base stations; 

10 a mobile station making communication with said base stations in multi- 

code CDMA; and 

an host station controlling communication made between said base stations 
and said mobile station, 
characterized in that 

15 one of said base stations, on receipt of a request of starting communication in 

n codes (n is an integer equal to or greater than 2) from said mobile station, checks 
whether channels are short, and transmits the result of checking to said host 
station, 

said host station receives said result from said one of said base stations, and, 
20 if channels for n codes can be secured, instructs said one of said base stations to 
start making communication, whereas if channels for m codes (m is an integer 
smaller than n (m < n)) can be secured, instructs said one of said base stations to 
start making communication in m codes and further instructs other base 
station(s) to start making communication in (n — m) codes, and 
25 said mobile station makes communication with said one of said base stations 

in m codes, and further makes communication with said other base station(s) in (n 
— m) codes. 

5. The cellular system as set forth in claim 1, wherein said one of said base 
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stations stops multi-code communication made with a mobile station only in a 
part of codes, when said one of said base stations receives a request of starting 
communication from another mobile station and judges that channels is short for 
satisfying said request, and transmits a request to said host station to make 
5 communication with other base station(s) in codes equal to the stopped codes, 

said host station, on receipt of said request to make communication with 
other base station(s), instructs a base station other than said one of said base 
stations to start making communication with said one of said base stations in 
codes equal to said stopped codes, and 
10 said mobile station stops communication made with said one of said base 

stations in said part of codes, and starts making communication with said base 
station other than said one of said base stations in codes equal to said stopped 
codes. 

15 6. The cellular system as set forth in claim 4 or 5, wherein said one of said 

base stations and said other base station(s) have an adaptive array antenna. 

7. Canceled. 

20 8. (Amended) A method of making communication in multi-code CDMA 

where a mobile station makes communication with base stations in multi-code 
CDMA and an host station controls communication made between said base 
stations and said mobile station, 

characterized by the step of, said mobile station, when one of said base 

25 stations becomes saturated, making communication in multi-code CDMA through 
a channel of other base station(s), 

wherein said mobile station, when channels of a base station with which said 
mobile station makes communication are saturated, stops a part of said 
communication, and makes the thus stopped part of said communication with 
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other base station(s). 
9. Canceled. 

5 10. A method of making communication in multi-code CDMA where a mobile 

station makes communication with base stations in multi-code CDMA and an host 
station controls communication made between said base stations and said mobile 
station, 

characterized by the steps of: 
10 one of said base stations, on receipt of a request of starting communication in 

n codes (n is an integer equal to or greater than 2) from said mobile station, 
checking whether channels are short, and transmitting the result of checking to 
said host station, 

said host station receiving said result from said one of said base stations, and, 
15 if channels for n codes can be secured, instructing said one of said base stations to 
start making communication, whereas if channels for m codes (m is an integer 
smaller than n (m < n)) can be secured, instructing said one of said base stations to 
start making communication in m codes and further instructing other base 
station(s) to start making communication in (n — m) codes, and 
20 said mobile station making communication with said one of said base 

stations in m codes, and further making communication with said other base 
station(s) in (n — m) codes. 

11. The method as set forth in claim 10, further comprising the steps of: 
25 said one of said base stations stopping multi-code communication made with 

a mobile station only in a part of codes, when said one of said base stations 
receives a request of starting communication from another mobile station and 
judges that channels is short for satisfying said request, and transmitting a 
request to said host station to make communication with other base station(s) in 
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codes equal to the stopped codes; 

said host station, on receipt of said request to make communication with 
other base station(s), instructing a base station other than said one of said base 
stations to start making communication with said one of said base stations in 
codes equal to said stopped codes; and 

said mobile station stopping communication made with said one of said base 
stations in said part of codes, and starting making communication with said base 
station other than said one of said base stations in codes equal to said stopped 
codes. 

12. The method as set forth in claim 10 or 11, wherein said one of said base 
station(s) and said other base station(s) make communication with said mobile 
station in multi-code CDMA through an adaptive array antenna. 



ABSTRACT OF THE DISCLOSURE 

A cellular system in accordance with the present invention includes at 
least two base stations, a mobile station making communication with the base 
5 stations in multi-code CDMA, and an host station controlling communication 
made between the base stations and the mobile station. When one of the base 
stations becomes saturated, the mobile station makes communication in multi- 
code CDMA through a channel of other base station(s). 
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DECLARATION AND POWER OF ATTORNEY 

As a below named inventor, I HEREBY DECLARE: 

THAT my residence, post office address, and citizenship are as stated below next to my 

name; 

THAT I believe I am the original, first, and sole inventor (if only one inventor is named below) 
or an original, first, and joint inventor (if plural inventors are named below or in an attached 
Declaration) of the subject matter which is claimed and for which a patent is sought on the invention 
entitled 



CELLULAR SYSTEM AND METHOD OF MAKING COMMUNICATION 



IN MULTI-CODE CDMA 



the specification of which (check one) 

is attached hereto. 

was filed on as United States Application 

Number or PCT International Application Number 

and was amended on (if applicable). 

THAT I do not know and do not believe that the same invention was ever known or used by 
others in the United States of America, or was patented or described in any printed publication in 
any country, before I (we) invented it; 

THAT I do not know and do not believe that the same invention was patented or described in 
any printed publication in any country, or in public use or on sale in the United States of America, for 
more than one year prior to the filing date of this United States application; 

THAT I do not know and do not believe that the same invention was first patented or made 
the subject of an inventor's certificate that issued in any country foreign to the United States of 
America before the filing date of this United States application if the foreign application was filed by 
me (us), or by my (our) legal representatives or assigns, more than twelve months (six months for 
design patents) prior to the filing date of this United States application; 

THAT I have reviewed and understand the contents of the above-identified specification, 
including the claim(s), as amended by any amendment specifically referred to above; 

THAT I believe that the above-identified specification contains a written description of the 
invention, and of the manner and process of making and using it, in such full, clear, concise, and 
exact terms as to enable any person skilled in the art to which it pertains, or with which it is most 
nearly connected, to make and use the invention, and sets forth the best mode contemplated by me 
of carrying out the invention; and 
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THAT I acknowledge the duty to disclose to the U.S. Patent and Trademark Office all 
information known to me to be material to patentability as defined in Title 37, Code of Federal 
Regulations, § 1 .56. 

I HEREBY CLAIM foreign priority benefits tinder Title 35, United States Code §119(a)-(d) or 
§ 365(b) of any foreign application(s) for patent or inventor's certificate, or §365(a) of any PCT 
international application which designated at least one country other than the United States of 
America, listed below and have also identified below any foreign application for patent or inventor's 
certificate or of any PCT international application having a filing date before that of the application 
on which priority is claimed. 



Prior Foreign 
Application Number 


Country 


Foreign Filing Date 


Priority 
Claimed? 


Certified 
Copy 
Attached? 


1 1-207272 


Japan 


July 22, 1999 


Yes 

























I HEREBY CLAIM the benefit under Title' 35, United States Code § 1 19(e) of any United 
States provisional application(s) listed below. 



U.S. Provisional Application Number 


Filing Date 















I HEREBY CLAIM the benefit under Title 35, United States Code, §120 of any United States 
application(s), or § 365(c) of any PCT international application designating the United States of 
America, listed below and, insofar as the subject matter of each of the claims of this application is 
not disclosed in the prior United States or PCT International application in the manner provided by 
the first paragraph of Title 35, United States Code, § 1 1 2, I acknowledge the duty to disclose 
information which is material to patentability as defined in Title 37, Code of Federal Regulations, 
§ 1 .56 which became available between the filing date of the prior application and the national or 
PCT international filing date of this application. 



U.S. Parent 
Application Number 


PCT Parent 
Application Number 


Parent 
Filing Date 


Parent 
Patent Number 
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I HEREBY APPOINT the following registered attorneys and agents of the law firm of FOLEY 
& LARDNER to have full power to prosecute this application and any continuations, divisions, 
reissues, and reexaminations thereof, to receive the patent, and to transact all business in the United 
States Patent and Trademark Office connected therewith: 



o 1 CrnclM A. dcN 1 


Reg. No. 


29,768 


DAVID A. BLUMENTHAL 


Reg. No. 


26,257 


BETH A. BURROUS 


Reg. No. 


35,087 


ALAN 1. CANTOR 


Reg. No. 


28,163 


\A/M 1 IA^ T CI 1 IO 


Reg. No. 


26,874 


JOHN J. FELDHAUS 


Reg. No. 


28,822 


PATRICIA D. GRANADOS 


Reg. No. 


33,683 


JOHN P. ISACSON 


Reg. No. 


33,715 


MICHAEL D. KAMINSKI 


Reg. No. 




LYLE K. KIMMS 


Reg. No. 


34,079 


KENNETH E. KROSIN 


Reg. No. 


25,735 


JOHNNY A. KUMAR 


Reg. No. 


34,649 


GLENN LAW 


Reg. No. 


34,371 


PETER G. MACK 


Reg. No. 


26,001 


BRIAN J. MC NAMARA 


Reg. No. 


32,789 


SYBIL MELOY 


Reg. No. 


22,749 


RICHARD C. PEET 


Reg. No. 


35,792 


GEORGE E. QUILLIN 


Reg. No. 


32,792 


COLIN G. SANDERCOCK 


Reg. No. 


31,298 


BERNHARD D. SAXE 


Reg. No. 


28,665 


CHARLES F. SCHILL 


Reg. No. 


27,590 


RICHARD L. SCHWAAB 


Reg. No. 


25,479 


ARTHUR SCHWARTZ 


Reg. No. 


22,1 15 


HAROLD C. WEGNER 


Reg. No. 


25,258 



and I request that all correspondence be directed to: dxcs.+«>v 

David A. Blumenthal 

FOLEY & LARDNER 

3000 K Street, N.W., Suite 500 

Washington, D.C. 20007-5109 



Telephone: 202-672-5407 
Facsimile: 202-672-5399 



I UNDERSTAND AND AGREE THAT the foregoing attorneys and agents appointed by me to 
prosecute this application do not personally represent me or my legal interests, but instead represent 
the interests of the legal owner(s) of the invention described in this application. 

I FURTHER DECLARE THAT all statements made herein of my own knowledge are true, and 
that all statements made on information and belief are believed to be true; and further that these 
statements were made with the knowledge that willful false statements and the like so made are 
punishable by fine or imprisonment, or both, under Section 1001 of Title 18 of the United States 
Code, and that such willful false statements may jeopardize the validity of the application or any 
patent issuing thereon. 
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Name of first inventor 

Residence 

Citizenship 

Post Office Address 

Inventor's signature 

Date 



Yoshiki WAKIZAKA 



Tokyo, Japan ' ^ 



Japan 



c/o NEC Corporation, 7-1 , Shiba 5-chome,Minato-ku, T okyo , Japan 



January 2 5 , 2 0 02 



Name of second inventor 

Residence 

Citizenship 

Post Office Address 

Inventor's signature 

Date 



Name of third inventor 

Residence 
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Date 



Name of fourth inventor 

Residence 
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Date 
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